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ON THE CORRELATION OF SEISMIC SCALES i
7 . USSR - o

[Following is & translation of an article by G. P. Gorshkov
and G. A. Shenkareva In Trudy Instituta Fiziki Zemii Akedemii
Nauk SSSR {Transactions of the Tnstitute of Farth Physics of
the Academy of Sclences USSR), No. 1 (168}, Moscow, 1958,
‘pages 44=64s/ _ ' o -

Summary

- This .article describes the historical background of the problem
concerned with the drawing of seismic scales and gives & table showing

o camparison of various scales. S : .
- At the present time, spproximately 50 gifferent seismic scales, .
{.e. scales used in determining the focce of an earthquake, have been .
published in verious countries. Without delving into problems con-
cerned with the nature of the concept "selsmic intensity division® .
{ seismicheskiy ball), we would 1like to give a very general deseription
‘of the most important ccales and to attempt a correélation of these
geales. This is necessary in view of practical problems encountered
during the study of seismic conditions in various territories, aimed

at establishing speeific laws governing seismic phenomena, and also a8

a result of problems associated with further research in the field of
geismic regionel ocecurrence on the territory of the USSR,

1. Early Attempts in Drawing Up Selsmic Scales

The first attempt to classify underground tremors according to
their intensity and also 1o drew up a seismic chart was apparently
made by J. Castaldi, a Piedmont cartographer, in 1564.  J. Gasteldi
wag attempting to show on his chart the external effeet produced by

an earthquake which oceurred in Nice on 20 July 1564 (/85/, p. 98).
Further, information is also available on similar work performed
by the ITtalian Poardi, who divided underground tremors according to
their intensity into 4 stages, and appiied his scale 1o the study of
‘an eerthquake which occurred in Apulia on 30 July 1627 (70, 85, p. 98).
" 7 fhe next study of a similar nature was conducted in 1783. In
. the spring of 1783, an extremely violent earthquake occurred in Calabria,
 which resulted in a large pumber of human casualties (renging from
20,000 to 100,000 people, according to various sources), and which
covered an area of up 1o 300,000 sq, 'k in size. According to the
scale presently edopted in the USSR-(ﬁ),‘thé intensity of underground
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treémors in the epicenter amounted to 10-12, This earthquake is knovm
under the name of the Great Calabrian quake and has been the subject
of a large number of special studies such ‘s, spec1fically, the study
performed by G. Vivensio (27, 89). In this study, it is stated that
the paysicist D, Pignatoro (1735-1862), working et the Montelaone
observatory, together with Serconi, studied in detail the aftereffects
of the earthquake, and on this basis; worked out a 5udiV"S¢0n 1ntenszty
scale for identifying underground tremors -dccording to their intensity;
and also drew up a chart. This scale ineluded almost the entire range
of tremor intensities covmre“ by the rrssent scale, nampely tremors with
an intensity ranging from 2 to 12. During the year 1783, a totel of
948 underground tremors wers reccrdad in Calabria, of which, according
~ to-D. Pignatoro's clessitication, 501 were very weak 235 were medium, ‘
175 were strong, 32 were very strong, and 5 were e: ceptlunal¢y glrong.
Further, already in the 19th cnntLrJ, come, in chronological

.. ~order, the scales worksd out by D. Brooks in 1811 (20), P. Egsn in 1828

-{30), P, Macfarlan in 1839 ( 8), A, Peterman in 1856 (90) R, Mallet
-in 1858 and 1862 (47, 48), R. Williamson in 1870 ($4) and Z, Meso in
1870 (50). Certain data pcrtalrlﬂg to these scales are listed in the
well -known monograph pub ished by F., Montessus de ‘Ballore (61), and
also in the articles of C, Davison (26-28) and V. A, Bthovskly (1).
The reason why Wwe mention these seales is that thay were in use prior

‘. to the scale of Rossi-Forel, which beecame widely known at a later date.

g - 'D. Broocks lived in Louisville, near the town cf New Madrid in
the US4, and systematically recorded undergroupd tremors associated -
with the catastrophic quake which 00var°d in New Madrid between 16
December 1811 and 7 February 1812, 'D. Brooks. divided the uremors,
according to the effect which they p“odured into 6 grades ranging from
the most violent tremors,. resululng in tnu destraction of clt es, to

-hardly noticeable tremors (20, 25),

... P. Bgen (1793-1849), a teacher of mathematics and ph;*"cs in the
town of Elbarfeld, worked out his own 6-division *ntenaity scale in

~ connection with the Netherland (Rhine) ecrthquake of 23 February 1828.

. The designation of the divisions followsd. a revérse Sequence, &8 COM=
pared to D. Brooks! scale, Pa%ticular attention was devoted by P. Egen

.to weak tremors, since strong earthquakes do not oceur on the territory

.~".of lowland Edropean eountries, P, Ezen drew a chart. of the Netherland

- quake showing the tremcr intensitv at each poant but, did not- plot
 isoseisms (isoseismic lines). Having' ‘éstablished the location of the
-epicenter with the aid of this chart, P, Egen refuted the statament
claiming that this particular earthqnakn was, allevedly associated in
- some manner-with an erupticn of M, Vesuvius (26, 30, 61, 85). '

- - An increased activity of ‘the well-known seismic center in Comrie,
Pertshire, Great Britain was notéd in the fall of 1839. A tremor of
the greatest intensity .was n¢ ted én 23 October 1979 (equal to 7 divisions
according to the present suale), aftér whiich repeated tremors were ob=-
served during the course of a number oi years, P, Macfarlan, a postal
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employee in Comrie, systematically recorded these tremors and identified .-

them with the aid of & 10-division scale, which included all intensity .

rates, from hardly noticesble tremors to tremors of the same intensity
as the one which occurred on 23 October 1839 (26, 58, 73). - - o .

The first isoseism chari: was apparently plotted by the Hungerian- -’
botanist P, Kitaybel and the physicist A, Tomtsani, who, while studying
the earthqueke of 14 January 1810 in Mor (Hungary), plotted the contowrs.
of the ares in which tremors of the greatest intensity had oecurred,
actuelly utilizing for this purpose the concept of isoseisms (according
to A, Rethly /75/, p. 231). Forty-two years later, & ncw iscgeism chart
wes plotted by A. Petermen (1782.1878), who drew this chart in color
for the report submitted by 0. Folger on the earthquake of 25 July 1855 -
in the Visp valley (Switzerland). In drawing his chert, A, Peterman
used & 5-division scale, which did not include the indices correspond -
ing to divisions 1 and 2 of the present scale. =~ ‘

More widely aceepted were the studies performed by R. Mallet

(1810-1881), This scientist utilized two types of seismic scales in his - -

investigations, namely & 3-division and a 5-division scale. The first
one (1858) was used by the author in drawing the well-known selsmic
world charts. In this connection, earthquakes were divided into 3 cate-
gories: . weak, medium and strong. The second. scale {1852) was concerned
mainly with strong tremors, lying above 7 divisions (according to the.
present scale), and was used in studying the destructive earthquake -
which occurred in Naples on 15 December 1857 (26, 29, 47, 48). o
.. G, Vood, in his erticle describing the destructive earthqueke of -
1868 in the Hawaiian Islands, gives a list of underground tremors com-. -

piled by R. Williamson. The latter divided the tremors, according to . -

their intensity, into é grades, designating the latter with ihe initial
letters of the corresponding adjectives: vl (very light tremors), .
1 (light tremors), ete. (26, 94). S

- .The scale devised by 2. Maso also included 6 grades and was .
adepted to the study of earthquakes occurring in sparsely populated and
low-developed countries, in which it is not possible to conduct observee
tions of normal buildings. - Since 187C, this scale was used in studying -~
earthquakes on the Philippine Islands (26, 50). ' R,
3. Formation of the 12-Division "International" Mercalli-Cancani~

Sieberg Intensity Scale ' S ‘

M. Rossi's ch;g;of 187¢ (80, 81). 'The‘scalés_ﬁénfioneﬁvabove -

did not tind a wide tield of .application, but to a certain extent pre- "

pared the ground for the establishment of more modern scales, Thess - .
include first of all a.scale developed by ‘Professor M, S. Rossi (1834-

1898), & well-known Italidn seismologist and ‘director of the:Geodynami~ " -~ o

cal QObservatory in Rocca .di Papa, mieer Rome. M. Rossi was the founder -
of the journal "Bulletino del Vulcanismo Italieno," and published a

-3 -




. ay
N YA A.", g -t iv’.’l LT . 5 B .
. . AR AN “ e e ‘e : . . .
R [P ..‘,..M it t P & ot

>

i

list of Itallan earthquakes durzng 1873 ia’ the ilrst VOlume of thla
journal. In order tO‘dIVlde the. earthqpakes giV°n in this 118u accord-:-~
ing to.their intcnsmty, . Bossd drew. up & 10-dﬂvlsiqn scale, widet: -~
vas prlnted in =m-. abbreviated fcrm in the first vurﬁme of the ‘journal
(Anno 1, 1874, p.-I),.end <in an exganged fort in the' second volune

(81 p. III) and in the third volume (€0 p. I). Later, M. Rossi agein
deseribed his scale. (see sbove reference Anno 4, 1877, pp. 39-40; Anno

5, 1878, p.i46), M Rossi's scale wds successfully used during rasesrch
s*udLes .eondueted a.,many countries for example during the gtudy of the
strong” -earthquakes of, 1886 in Cuarleston, "of 1896 in erﬁ"o“a ete, o

F. Forells Scaﬁg,of 1881 (31, 32). In 1878, %he Swiss Natural
Sclenve bocmety set up 2 COﬁAiSSLOﬂ, vhich Wwas ént rusteq with & study
of earithguekes occurring in uW&tZETian&. An setive perticipant in ,he
work of this cormission was F.’ Forel’ ! 38;l~1919‘, a W?4L~KACWH‘SW*°S
selsmolegist and p“ofessor at Lausanne Urivérsity In pﬂrth“‘“ - Mg
proposad the use of & new gsoale also consisting of 10 divigicns, *,kv
M. Rossi's scale, for stuovz g ea“tbqpakcu. The nrornsal made by F.

Forel was immediately adopted and utilized by M. 4, doim, who studled
Swies -earthquakes, and laner by R. hernes in hus b@ ic monobraph on -
earthquakes, ete, . ,

HeAm‘ssForsber's S"al° of 1382 (40). In 18€2, M. Helv and V,
Forster, in sgreement yith 'F, Forel, modified scxemha* the latter's
seale, by breaking up leTSLOH 4 into several le;$lOﬂS, in order to
ensble a more coenvenient use ¢r the ooale during the study of low=
intensity dvthquakes (40,. Later, & number” of additicns to the sca
chtained in this manner were suggested by R. ‘Leonard and W, Volz \49), _
and also by Fo Suess in h{s carefully w“xﬁten bopk d sc“*blﬂg the La bach:
earthquake of 14 April 1895 (87, p. wﬁ.,.

The- RossinForel Scale of 1883 {26, 79) F, "Fors 1, wﬁale work-
ing on his scale, ‘did not know about tho ex¢stence of M, Roseils $cale,
although both of those scales waré very closely related. "In view of
the obvious priority rights engoyed by M, Hossi," vrote Férol"“I’WOUld '
have immediately abandoned tne “geale which I had devised, if I had not .
received a proposal from M, Rossi and Gatt to revise these scales tow-
gether, taking our past experience into conside wation, I readily ae-
cepted this propesal, bub wor nvo*ving a ravisicn of these scales will®
require a rether ¢ﬂng,t1me, and we shall be sble to complete this work
only next year" (/32/, p. 466). Shortly thereafier, M, Rogsi and F,

Forel met and cambined their respuct*vo scalés, thus ‘establishing a new
gseale kncwn since that tlme as ‘the ROSS;nFPIDl scale (Sca Appe ndix 1),
Since 1883, this scale has been used in"a mumber of counb ies, such as.
Italy, Switzerland, etc., aﬂd also in Russia,

" The Rossi-Forel scdié is the cne which is tqo most wmde¢y used
in comparison to all ouher $¢ ales, and is even oncasmonaﬁly encoun ered
in modern 1nvest1gat10ns. ' . .




 Scmewhat later, in 1888, E. Holden (1840-1914), director of the

Leaks ‘Observatory, attempted to correlate the subdivisions of the Rossi=
Forel scale with the values of meximum seismie sccelerations derived
from deta obtained in an analysis of a large number of Californian earthe
quakes investigated by him. This study, which in its theoretical aspecis
314 not exhibit the propsr degree of objectivity, is still of interest. .
since it. represents the first attempt to draw a dynamic scale of seismic.
intensity (41)., . - : S :

" The G, Mercalli Scale I of 1883 (56) end the G. Mercalli Scale II
of 1897 (also known a8 the Mercalli-Taramelli seale of 1888) (54, 55, 56,
57). A new variation of a seismic scale was proposed in 1897.ty G. = -
Mercalli (1850-1914), Even earlier, in 1883, G. Mercalli bad attempted .
to modify the Rossi scale, and, after listing all tremors according to - :
their intensity into 6 grades; used the scale obtained in this mapner .. |
in describing the Italian earthguekes listed in his catalog (56). How~ .
ever, later in 1888, together with T. Taremelli, and once more in 1897, .-
G. Mercalli again made use of the Rossi-~Forel scale, and believed that: .
it was sdvisable to retain a 10-division scale (54, 57). A% the same + . .
time, he again modified somewhat the relationship of the divisions, par=-
ticularly in the area of strong tremors, which were not illustrated in .
sufficient detail on the Rossi-Forel scale. The proposal made by G. . .-
Mercalli was adopted by the Central Meteorological and Geodynamic Serve
ice in Rome, and his scale was used during seismic studies in Italy end
in certain other countries (55).

The Forel-Mercalli Scale I of 1904 and the Mercalli-Cancani Scale
of 190/ (also known as the Forel-Mercalli scale II of 1904, end as the -
A, Cancani scale of 1904 (19, 82). Several years later, A, Cencani - -
(1856-1904), baving found that the new scale of G. Mercalll differs con-
siderably from the Rossi-Forel scale of 1883 and is very similar to the . :
original scale proposed by F, Forel in 1881, proposed, in his report
presented at the 24 International Selsmic Conference in Strasbourg in .
1903, & new name for the Mercalli scale, namely that it should be desig-
nated as the "Forel-Mercalli scale" (we designate it as the Forel-
Mercelli scale I}, Mercalli himself agreed with this new designation.
The scale remained a 10-divisien scale, and is cited in “this form, for. ..
example, in A. Sieberg's monograph (84, p. 358). ' '

At the same time as he made the above proposal, A, Cancani also
found that it would be expedient to expand the scale even more by sube
dividing the high value divisions, and, in agreement with both Forel
and Mercalli, added 2 new divisions to the scale, In addition, he pro-
posed to essign to each division a definite magnitude of seismic accelw
eration, varying in general within a range of 0-10,000 mm/sec?,  A.
Cancani- ocalled his division scale an empirical scale, and the accelera-
tion tablée -- an absolute scale. (19, 35) o

In later years, the 12-division scale drawn up in this manner,
which became widely used, was known as the Mercalli-Cancani scale, or
simply as the Cancaeni scale., . ’ . L




. The Mercall;-Cancani Scale pvocesued by A, Slpberg, «of 1912 (6,
86). Finally, already in1911, A Sleberg, an.associate of the Central
Seismological Bureau in Sﬁrasbourg, in” col‘aboratlon with G, Meprealll, .

subjected the Merca111*Cancani scale t6 a careful analysis, and; on the
. basis of data obtained during a practical study of a number of eartn-
;fquakes and also after studying an extensive lmterature, modified somew
what and supplemented the description of the aftereffects of underground -
_tremcrs of ‘various intensity, partlcularly in connection with high'divie.
~ sions; retaining,’ however, the sgine old 12 divisions snd their mutual
relationships (85a 86), In this menner, "a detailed scale for determine
_ ing the intensity of earthquakes, rev1sed by A, Si ebarg on ths basis of -
the Marcalli-Cancani scale” (6) was obtained. - This particular scgle _
- was widely used, and for a leng pe;lod of time has been utilized end is
still being utillzed during the study of earthquakss in many coun‘rles.'.
In 1917, according to the decision resched by the Internationsl Selsmo- -
1oglcal Agsociatidn, -thé’ Merua$ll-Can~an1n51eberg scale was ado“ted as
an “"internationsl" scale (7).
, Such is the rather confus Jng hirstorical background of the forma- "
tion of the most’ W*dely used, in the recent ‘past, Mbrnalli-Cancanlu o
Sieberg seismic’scale. (see Apperdix 2) .

P

- 3. General Llst of Se"smlc Scales

Simultaneously W1Lh the qevalhpment of the "1n+ernatlona1" cale,
different modifications of selsmiﬂ scales were proposad by various authors
"in different countries.:
~© - Ve shaell not ‘examine all these proposals Informabion on EBH] of

these scales can bé found, as was alresdy mentioned, in the. monograph
publlshed by I, Montessus de Ballore (61), and in avtic1es published. by
€. Davison (26, 27, 28), V. A,.Bykhovskiy (1) and 8. P. Lee (44). .
~ Ve shall merely present hizre a list of seismic scales (Table l)
which was, compiled -from.the above-mentioned studies of €, Davison end
F. Montessus de Ballore (w1th certain correctlons), and also from orzginal
sources. , , : o

".;‘{fmable 1

) ,‘f“‘w- - List 0f Selsmlc Scales
syt . (‘, . . . T X . . .
No, S Author "‘F,' Blhllography  Year - Number of
R s f" - .. Divisions
1 J. Gastaldi Lo 9] ‘ 1564 . -
2 De Poardi : '\ . Ui /o/ 1627 4
3 D. Pignatoro, Sareoni* "7 .- sel . 1es 5
4 D. Brooks <4207, 81l 6
5 P. Egen o/ © 1828 - 6
6 P. Macfarlan. : 58/, 1839 10
7 A, Peterman 90/ 1856 5
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Table 1 (contd)

) Bn.bliography

_Author ; Year Number of
: 2 ©»i0 Divisions
R, Mallet (I), .., 477 1858 3
R. Mallet (II). 48/ 1862 w5
'R, Villiamson oA 1870 . 6
M, Rossi 80,81/ v A8, Lo 10w
E, Neumann 162/ ;L1878 v v Qe
F, Forel . -/32,79/ 1881 R ToRy
A, Heim, V, Forster [5G.45,877 1882 . .710.
M, Rossi, F. Forel 231,79/ 1883+ .. 10
G, Marealli (I) 56/ 1883 ... 6
G, Johnston-Lewis 142/ 1885 3
D. Powell [52.53/ 1885 5
.. C. Rockvood &L 1886 - o o6
‘E. Holden AL 1888+ - 9.
H. Masato 74/ 1892 A
M, Baratia (I) _1%§ 1892 7
A, Riceco AT 1893 - .. 6

_ﬁ‘Q.'Bassanl 15,16 1825 16
UM, Maso! [}5(_)? © 18950 . . 46 ¢
| F. Suésc 87 1896 10
' G. ‘Mehealli (II) 54,557 1897 .

., R, Oldhem (I) - 25/ 1897 6 .
. 'R, Oidhem (II) J647 1899 - 6
S, Se}ﬂya 63,83/ . 1899 . - L3
' Japanése school 169/ 1900 RV
.F,. Omori 65,67/ 1900 G

- £. Davison ‘ 24,28/ 1900 9
'F, Forel, G. Mercalll(l) /19,82/ - L1904 & 10
G. Mercalll A, Cancani .~ /19/ L1904y o 0 12%%

... Japanese school : : 25/ 2006 5

- H, VWood, . , 128_.,2?‘/: b 1906 5
M. Cornish | /237" 1908 11 .

M. Hall /387 1909 - a6k
C.'M..Baratta (11) S/l T 1810 0 10

. 3. Milhe /17,597 1611 3.
. G, Mercalld, AL Cancanl, DR T O T
A, 'Sigberg . - : - [6,86/ 1912 . X2
A, Mchdié™ ™ - /51, 1915 . 10

H, Reid, §, Taber. [72/ 1919 . 10
F. Qmorl( 1) Sjesf 1920, . o 6,
Japanese sdhool IMDJ [25:43/ ¢ 1920 = 6 .
Wong. ' ... o fox/ o 1923 11
Tiood, E Naumann _“j;,'c 18,63/ 1931 . 12,
-7




- Teble 1 (contd)

No. - Author ‘ Bibliography Year Nuwber of

Divisions
49 ‘J. Ramirez , L7/ 1933 - . .3
50 0ST-VKS 4537 Ay 1933 . 12
51 Geophysicael Institute of the o
“Academy of Sciences USSR
(GEOFIAN) L -
(8. V. Medvedev) RS T 1953 . 12
52 GOST 6249-52 o Y/ : 1953 4
53 Academy of Sciences of the o -
Chinese Pecples! Republic - . 1956 C12

%  Also known as the Mercalli-Taramelli scale of 1888 (57).
%% Also known as the Forel-Mercalli scale II of 1904, and as the Cancani
scale of 1904. ' ' ‘ : L

4. On Seismic Scales Used in Russia and in the USSR

In the studies conducted by the Russian seientists I. V. Mushketov,
V. N. Vebér, K. I. Bogdanovich and others, the 10-division Rossi-Forel -
scale was most fraquently used., During the study of the Shemakhin and * -
Andizhan earthquakes in 1902, V. N. Veber, M. M. Bronnikov and A, A. ™
Faas worked out, as a supplement to the Rossi-Forel scale; a 7-division .
scale which corresponded to the 3 higher divisions of the Rossi-Forel
scale. Ve shall not describe this scale here, since it was no longer
used during later years. : o

Since 1930, Soviet seismologists have adopted the 12-division
Mercalli-Cancani-Sieberg scale (6). However, the latter does not take .~
into account the conditions prevailing in seismic areas of the USSR,
and for this reason cannot be used in a number of eases, - Through the
efforts of the former Seismological Institute of the Academy of Sciences.
USSR, this scale was somewhat modified, and in this revised form was @
approved on 28 March 1931 by the Gosplan USSR as a compulsory scale for .
use during seismic studies and.construction planning work under the con~
ditions present in the USSR, Later, this scale was incorporated into
an All-Union standard, and was adopted for compulsory use, starting in
1933, over the entire area of the USSR (OST-VKS 4537 scale (10)) /Note:
0ST-VKS stands for: _All-Union Standard issued by the All-Union.Stand- "~
ardizetion Committeg/. o : .

In the OST-VKS 4537 scale, containing 12 divisions, a correspond=-
ing magnitude of seismic acceleration was assigned to each division; this
characterizes to a certain extent, although not fully, the intensity of
a tremor. For this reason, this gave a false impression of the. ’accuracy
and strict physical meaning of the intensity divisilon concept, which did
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not correspond to reality. In addition, the various sympioms and factors
reflesting the.intensity:of a tremor (such as.destruction:of buildings
distortions.of. the.:sgil, mmprnsotons 6f ohservers; ete;) were mixed in
this scale,. apd d;d not..give.an overall and eonsecutive: piciire of the
increasing effect produced by an earthquake during 1%3 progress from
low intensity diyisiens.to;high divisions.. R

- On-the: bagis ofithese’ ecns1derat10ns it was deemed necessary “at
the former Geophysieal Institute of the Academy ofSciences USSR to work
out g new modifieation of. a -seismic scale. :This: ‘work-wasdore by S. V.
MEdvedev, who proposed ;that the intensity of an: earthqpaxe sheuld be -

evaluated .on the basis of -the magnitude x, which’ is the maxidum rela-_ﬁ "

tive displacement {in millimsters) of a spherical. elastic. ‘seismiometer -
pendulum, . Simultaneously, the design ¢f a pendulum was worked “dut .end”
ererlmnntal samples of the instrument were built, The pendulum has a -
natural osclllatlon.perlod T =0, 25 sec, and the logar‘thic décrement -

of the damping af oscillations is »= 0,50, On-the-basis ol these da ta,‘f’

S. V, Medvedev developsd a new Seismic scale (5); which gave, ‘within a
range of 4 %o 11 lelSlOnS, Anformation on the magnitude xy; varying -
from J 0,5 to ~32.0 mm, In addition, the symptoms produced by the ex-
ternal’ effect of ‘an earthquake -were systematically divided by s, v,
Medvedev into 3 groups: 1, Damage inflidted to buildings and struc~-
tures; 2, Residual effects observed in ground layers, and changes in
the ccndltlon of subsurface (ground) and. surface waters; 3, Other.
symptoms., The scale con51sts, as formcrly, of 12 lelSlOnS (see
Appendix 3). L
* . This partlcular scale, w1bh a range of 6 to 9 lelsmons, has been
adopted by the State Committee for Construction Metters. under the. Council

of Ministers. USSR as.a State All-Union standard:GOST 62{9-52 (11) ih-: f* -

stead of the former scale. glven in  OST.VKS 453%.- The scale spec*fied
in GOST 6249-52 Went into e“fect on 1 January 1953 .

5. Difflculties Encountered Durlng the Correlatlon of Scales

‘ A comparatlve analysis of earttqaa&es and - speclflcally of iso—
seism charts, is made considerably more. complicated as a result of thé
presence of such a large number of differemt scales. It would -appear’.
to be useful to effect a comparison of all seismic scales and ‘thus to
achieve a possible correlation of these scales,

The scales listed above are based in most cases on a visual char-
acteristic (description) of the aftereffects produced by an earthquake.
For this reason, one should not expect a high degree of accuracy from
studies involving a determination of the intensity of underground tremors
end the plotting of isoseismes, Contrsdictions may arise as a result of
a different interpretation of a given factor, depending upon local condi-
tions which are difficult to teke into account, ete. It is even more
difficult, therefore, to devise a satisfactory system for the mutual cor-
relation of scales, This fact, however, does not diminish the practical

-9 -
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importance of such an attempt. On the contrary, it dis all ‘the more im= |
portent to work out some kind of single.correlation scheme, which would
make it possible to. effect a very rough comparison of earthquakes in -
regard to their external effects..: ST ' S o

In order to illustrate the difficulties which are encountered in
attempting to correlate seismic.scales, we shall mention one example,
As was noted above, G. Mercalli, in 1897, proposed his modified 10«
division seismic scale (54), which represented a somewhat modified, also
10-division, Rossi-Forel scale (see Table 2, ecolum 1), In 1900, C. -
Davison (28) gave a conversion of the Mercalli scale into thz Rossi-
Forel scale (Table.2, column 3). G. Mercalli (55, p. 191) did not
agree with the opinion: expressed by C. Davison, and soon published his
own copversion table (Table 2, column 4)., In 1913, a study of G. '
Martinelli (49, p. 3) was published, in which the author propcsed a
third variation of the conversion, different from the two previous cnes
(Table 2, column 5), In 1916, the study of E. Tems (88, P, 317) was-’
published, in.1923, the study of A, Sieberg (85, pp. 100-101), and in
1932, the study of J. Freeman (33, p. 76), “In these studies, a number
of new and: different variations for converting one scale into another
are given (Table 2, colums 6, 7, 8). ) : .

In the same .way, there is no uniformity in converting the indices’
of the 12-division international scale (the Mercalli-Cancani.-Sieberg
scale) of.1912 (Table 2, column 2) into the 1O0-division Rossi-Forel
scale., The usual conversion table, proposed already by G, Mercalli (55)
and A, Cancani (19) and adopted later by us as the basic table, is shown
in column 9 of Table 2, However, for example, in- the menograph pub- -
lished by V. A, Bykhovskiy and V. O. Tsshokher (2, p. 24), an entirely
different variation of -the convérsion is listed (Table 2, column 10),
The fcllowing overall picture is obtezined {Table 2). ’ e

Similar difficulties are encountered when the magnitude of maxi-
mum seismic acceleration is examined, This problem was examined in a ‘
considerable number of studies, such as those of E, Holden in 1888 (41),
F. Omori in 1900 (67), A. Cancani in 1904 {19), G. VWood in 1908 (95),
A. LoSurdo in 1910 (46), M. McAdie in 1915 (51), E. Tams in 1916 (88),
N. N. Karlov in 1940 (4), A. Holms in 1949 (9), etc. o
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6. Attempts to Establish Absolute Criteria of Eafthquéﬁeiintensity

In view of the great variety of conditions under which earthquakes
can manifest ‘themselves, it is clear that a strict accord betwsen visual
observations and an evaluation of the intensity of underground tremors
cannot be achieved, at least until the time when it will be possible to
devise a sufficiently convenient and physically substantiated system for
evaluating seismic intensity. Such attempts, l.e. attempts to establish
absolute scales, have beeh made many times,

Thus, B. B. Golitsyn in 1911 (34), on the basis of experimental
data derived from the tilting (cverturning) of parallelepipeds, developed
a 10-division "dynamic scale," in which the magnitude of maximum accelera=
tion varied from 20 to 200 cm/sac2 with a height of parellelepipeds rang-
ing from 82.9 to0 7.9 cm, J. Milne end F. Cmori (60, €9) attempted to
solve this problem in a similar manner,

In 1931, G. Agamenrone end A, Sauve developed a scale, which wesg
based on measurements of displecements (from 0,07 to 0.70 cn) and as-
celerations (from 9 to 92 cm/sec?) with the aid of an instrument pro-
posed by them (12).

[ In 1933, H. Vood, in a brief notice, gave a review of earlier
empirical sceles, and also attempied to-clarify the concept of the in-
tensity of underground tremors. He suggested that the intensity be
definad as the product of acceleration and the oscillation frequency of
soil particles (93}, .

In 1935, C. Richter (77), and later B. Cubenberg (37), as e re-
sult of a careful analysis of maximum amplitudes recorded by stations
located at various epicentral distances, developed an "zbsolute! scale
M ("magnitude scale") with intensity indices ranging from O to 8.5. In
this connection, it was found that tremors on the surface of the ground
vhich can only be recorded by instruments correspend to an intensity O
in the focus of the earthquake; when M = 1.5, tremors can be fell by
people; when M = 3, the tremors are felt over a considerable area; when
M = 4.5, the tremors are capable of inflicting light damage in the epi-
center zone; when M = 6, destruction can be observed over a certain
limited area; when M = 7.5, this corresponds to the lower 1imit of the
most violent earthquakes., C. Richter uses the following figures to
describe the intensity in the focus of certain earthquakes (the in-
tensity division ratings in the epicenter according to the GOST 6249~
52 scale are given in brackets): in Santa Monica Bay, 1930, M= 5.2
(7 divisions); in Long Beach, 1933, M = 6.2 (8 divisions); in the state
of Utah, 1934, M = 7.0 (9 divisions). Labter, B, Gutenberg and C. Richter
studied the problem concerning the relation between the force of tremors,
the intensity, energy end accelerations (37), and were able to success-
fully use their Mabsolute scale" during an analysis of instrumental data
on world earthquakes (3),
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A similer study was conducted by R. Hayes, who established the
manner in which the indices cf the “absolute" scale correspond to the
divisions of the Rosgi.Forel scele, namely M= 4,0 corresponds to
/ divisions of the Rossi-Forel scale; M = 5.0 corresponds to 6-7 di-,
visions on the seme scale; and M= 6.0 correspcnds to 8 dlv*s Lons on
this scale (39)

- Attempis have besn made to express *nten81ty divisions (bally)
with the aid of fractions of acceleration of the gravity force, which,
apparantly, represents a modification of the scale of ac celerations -
aequired by soil particles under the action of selsmic woves.  The use
of such figures, for example, was suggested by P. N, Tverskoy (8). The

numerous ettempts to express the ancnoity of - univrg”ound if=vors by
meens of the concept of accelerations of soil pariicles (in mm/sec )
have already been mentlonod

7. Correlation of Seismic Scales

In view of the grest complexity of the problcm concerned with
the ‘establishment of strict quantitative criteria of the intensity
of underground tremors, the elementery ccncept of a seismic intensity
division as an arb"trary unit of the intenedity of an earthcuake retains
its significence and proves to be useful during macroseismic studies.
This results in the necaessity of establishing at east an approximate,
but uniform, systen of transition fran one selsmic scale to ancther.

With this purpose in mxnc, we have attempted to set up a table
for the correlation of seismic scales (sz2e Table 4), Some of the
scales used in this table were briefly dcscvlbed at the beginning of -
this article, namely those scales which are associated in one way or
another with the Rossi-Torel, Mercalli.Cancani-Sieberg and GEOFIAN,
(S. V. lMedvedev) scales., As a basis for the transition from the 10-
division seale of G, Merealli of 1897 and the l2-division scale of S
Mercalli-Cancani of 1904 to the 10-division Rossi-Forel scale of 1883,
we used the studies conducted by G. Mercelli in 1902 (55) and A. »
Cancani ' in 1904 (19), which contain proposals most closely related to
the conclusions derived from g direet compariscn of these scales, and
to what has been accepted by most researchers (26, 36, 55, 60 and
many other references) (Table 3),

Iable 3

- Comperison of the Most Important Forelgn Seismic Scales
Scale B v - Divisions
Rossi-Forel 1883

Mercalli 1897 . :
Mercalli~Cancani 1904

495 6 7 8 9 10 - - -
i 5 6 7 8 910 - -
4 5 6 7 8 9 10 11 12
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In regard tO»all other tran51tlons, nb mlght state thgt ‘they .
are effected either by d;ﬁechy comparing the i]dlceb of’ correupord- PR
ing scales, or by making use of conolderailons preaenbed in various - .
studies by.the actual authors of ‘the sceles or. by persors who heve” g;ﬂ‘@.
made a special study of this problem (26, 27, 29, 33, 4, 85, 8te.),
In particular~ we have used an interesting table giving a, comkarlson,l
(é 15 qulis’ prllShed in the monograph of Mbntessus de BaLIQre

1, p L

‘The R. Egon 1898 M ROSul 1874 and M Barat a-I.1892 sca’es,r
are. re*erred to the R0881-?oze1 scale, and then to the GECFIAN geale,
in accordance with the teble Just mentioned ebove (61). Howsver, in
comoaw:ng these Sﬂalea, a discrspancy was ncted. Thus, one of tnese
scales, namely the R. Egen 1828 scale, is ‘converted, aﬂco" iing to deta -
published by F. Montessus de Ballore, iﬁ%o the Rossi-Forel scule 1n a .
different marnmer than was done scuewnst later by A. Sieherg {gs,

100}, In view of the sbsence of speclplc indicalions on the par c.‘ T
the actual authors of ths scales, and siace the mazcroseismic indices
were not sufficiently’ c*ear, we. s uck,to t e tabLe glven by F Monhbs-
sus de Ballore. - : v

A comparison of the crlginal F Fer el 1881 seals with the con-
solldated Rasgi-Forsl scale of 1883 was L*?ected in accordancsa with
the, indications given by the author himsels, F. Forel {31; p. 349).

The Heim-Forster 1882 scale was referred to the ?orel scale,v
and then to the rema¢n1ng sca]es, in Mcordar ce. w”th ne +Pb1e g*ven
by F. Sue;s (87, p. 453).

A system for. effecting the correlation of the Roadi- rnrel scales
and then of the R, Malleta-II, M. Meso, C. Daviscn ard M Baratba {1y
scales,. wag devised at one time by C. Davwson (28), and’ we bovrowed
his data (with certain corrections, in view of a éifferent int orpreaa~
tion of ‘the Rossi-Forel scale, see Tables 2 end 3). The sane data; -
referrlng to Davison's 9-division scale ("simpﬁmfmeu British scale")
were later confirmed by Davison in 1915 in en art”cle descrl 1ng earth-~
qnakes oceurring. in Great Britain (24, p. 260). :

A comparison:of C Rockwood's scale of 1836 w1th Roq"l—Forel's
scale, and then successively with the GEOFIAN scale, was performed - \
according to the dlrectlves given by C. Rocchod himeelf, given -in his
latest s§udy devoted to esrihquekes occurring in Califor ula (29, p. 145; .
78, p. 7

Certain data referring to the geales of R, Malled, J. Milne and
E. Holden were obtained from T, Menderhall’s article (/25

C, Bassani's scalé of 1895 was compared with the Rossh-Forel
scale according to the data glven by F, Montessus de Ballore (61, p. 54).

R. Oléham's scele I of 1897 was reduced to the divisions given
in the Rossi~Forel scals accordlng to the data publlshed by C. Davison
(25, p, 140). The conversion .of R, Oldham’'s scale II of 1899 into the
Rossi-Forel scale was performed in accordance with the dlrectlves g:ven
by R. Oldhem himself (564, p. 43). - , ‘
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_ A rather confusing system of seismic scales was used in Japan,

In 1892, a scale developad by H. Masato, ccnsisting of 3 divisions,
made. ;ts abnearan Tais seale was used by S, Sekye during the compi-
lation of his catalog listing the earthquakes which occurred in Japan
during the period 416 to 1867 (83). Ve have compared.this scale with
the Rossi-Forel s¢ale in eccordance with the most recent deta published
by J. Freecman (33, p. 81) tmile analyzing S. Sekya's data, F. Omori
found thet it was expedient to subdivide division 3 into 2 le¢s Llons
(68, p. 389), and in this revised form,” the new 4- division scale was
later reccminended for use by the CP«bral‘Métcorologic 1 Observatory in
Tokyo (1500). Ve have compared this seale with ths Rossi.Forel .scale
in sccordance with the dirsctives given By F, Omorn, who cenducted a
special study of thils problem (89, p. 138), and aiso by J, Freeman, who
arrived at the same conclusions’ (’3 p. 8l){° Fizally, at the same tide,
F. Omori published the results of bhis cbservatlons on the acceleraticns
of goil pariicles during the cauastrop ic earthoueke of 1491 in Mino-
Ovari, and on this basis, recommended “he use of a new 7- division scale
intended for the study of strong earthquax >s, which he himself ccrre~
lated with the Rossi~Forel scale. Ve made use of these studies con-
dueted by F. Cmori (47, 69); the same system of correlation was.also
adoptéd by F. Montessus de Ballore (61, p. 55); for the first 3 divie
sions, ‘G. Yood proposes a somewhet different system, w“icn, however,
differg from our system in an gbsolutely insignificani wey (92, see
alsc 133/, p. 362). For informaiicn on the 7-division scale of Omori,
and also on the scales of C, Davigon, A, Cancani and a number of other
?ut?ors, see also the articles publlsbed by G, Wood (96) and E. Tems

88

> Informztion on the Japenese scale of 1906 was obtaiped from the
studies of A, Sieberg (22) and E, Shey and R, Lice (22), Finally, the
Japanese scale IMOJ (Imnerwal Mebeorological QObservatery of. Japan) wes
referred to the Rossi-Forel scalse in accordance with the data publlsbed
by S, Kunitomi (43, p. 83) and also by C. Davison (25, p. 253).

The scele develonad by V. Cornish in 16C8 was correlaoed w1t5
the Rossi-Forel scale according to directives given by V. Cornish him-
self, who telieved that the numeration of dlvrs*ons developed by him
(and utilized during the study of the earithquake which cceurred in
Jamzica on 9 December 19C7) is completely in agreement with the Rossl-

‘Forel scale, except for the highest division, which V. Cornish sub-
’ L4

div1ded into 2 divisious, namoly divisions 10 and 11 (23, ». 270),
G. Wood's scale of 1906 {95), drawn up for use in connection
with strong earthquakes and used dur"no the study of the California’

‘- earthquake of 18 April 1906 (Sam Francisco Scale), was referred to the
~divisions given in the Rossi-Forel scele in accordance with indications

given by the author himself {33, D 3%2; 92), alithough it must be stated
that G. Wood interpreted the meaning of the lelQ ons in Rossx-Forel'
scale in e soa»wh at arbl rary manner.




The 3-division scale of J. Milre of 1911, ‘which. J. Milns used in
compiling his well-known world catelog of destrustive earthquskes which
hed occurred from the beginning of our era until the end of the 1 th
century, was, eorrelated with the Rossi-Forel scale in ascorcancs with
J, Milne's data on the. nagnitudes of accelerations adopted by him: 1
division cerresponding to an acceleraulon. of 100 mm/sec?, 2 divisions
corresponding to.an asceleration of 1,500 am/sec<, and 3 divisions cor-
responding . to an acceleration of over 2,000 m/secs (59, p. 5-6).

. The, scale developed, by one of the oldest Chinise seismologisis,

V. H. VWong,.in 1923, was dravn up by kim in the following mepner: the
scale wes based on the Rossi-Forel scale, but an additlonal Ja%h divie
sicn was added to describe very strong earthquekes (91, P. ), end
this was refiected in our table, Resemtly, the Geophysical Inssitute
of the Acaderiy of Sciences of the Chiness Pecple's Reoubiic has Gg-
veloped a scale, which takes into acccunt the pesuliaritles of Chinese
construction methods, the quality of building materials used and the
proverties of ‘ground layers, elc,; this scale is correlated with the
GEQOFIAN .scale of 1953.. o .f PP
Finally, the J. Ramirez scale is correlated with the Rossi-
Forel scale in sccordance with indications given by the author him-
gerf (71, p. 13). N ' | , ’ .
As a general result of this work, & correlation tetls was cbe
tained, which contains 44 scales (Teble 4), This iable is compilad
in such a way, thalt all scales are referred to the GEOFIAN scale of
1953 (11). - Obviously, .such a system only provides an approvimate
evaluation when the various scel.es are compared with each other, and
does not make any claims for accuracy., This taple can be considered
as sufficiently accurate only in case of such scales as the Rossi-
crel scale of 1283, tha Mercalli-Cencani-Sieberg scele of 1912, and
the GEOFIAN scale of 1953. L o - S

Appendix L) -
Rossi-Forel Scale of Seismic Imtensity of 1883(31, 79) = .
*%‘MMicrcseismid;tremcr,urecorded only with the aid of
a seismogreph or with seismcgrephs of specific design, bubt not with

all types of seismographs, -ihe tremor is felt by an experienced oD~
server. o ' '

Division I, M

Division II. Exceedingly weak tremor, reccided by mary selsmo-
graphs. of different design. - Tremor is felt by e small number of pecple
at rest, - ' L ' s o

. Divigion III, Very weak tremor, perceived bty miny people &t
rest. The tremor is sufficiently strong %o gllow an observabion of
the direction and an evaluetiion of the duration of the effect. ‘

Division IV, Weak tremor, perceived by pecple in motion, Shift-

ing of mobile objects, doors and windows., Cracks in ceilings,
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Diyigigg;!_ . Tremon 6F mode:aue 1n$enslt i ugual¢y percelved by
all pedple. Shiftxng of furxnbure, beas euc R:nnlns of sw;nglng
small be11s‘ . L -

inlszoﬁ VI A notzceabte strcug'tremor, geaera* awaken ng of T
all sléeplng neople. Geneéral ringing of héuse belis, syinging:of :
chandellprs stopping: ¢f pendulum clocks, Noticeable: agmtatlon of
treee and shrubs.‘ A number of” frlqhuehed people leave “their dwellings..

‘Division VII, Strong: tremor;. 1a1]Jﬂg of mobile objecis. .- Plas-~
tering on cemllpgs and walls fallis off; Ringing of cnu*ch bells.

General panic, No serious damage %o buildings,

Division VIII,: Very: strong trenor; falllng of vmokeuvacvﬂ
Cracks formad in the- Walhs ¢l buiidings,

Div Mon IX. Exceedingly sirong tremor, partla* ov goneral
disinteg oion oi Y certain buildings.

g;g,sgpn X :Tremor of excepulona;ly strorg 1nuen$1tv, enorrous
catasﬂxophy Bu4la1ngs are converted into ruins. Destrustion of uhe
grounc, cracks 1n +ha round ' Waul¢ng of roeks mountain areas,

TR

gpnendix 2

Detalled Sca¢e for Determlning tle Intenfitv of Ea“thouaxes, Procesoed
by A, Sieberg on the Ba51s of * h, Marca111-03noan1 Scale of 19L? (6)

Division I, NOu nc*iceab‘e (mdklmum a"ce¢erat10n ( 2 5 m¢,see )
Reco‘dcd only With the aid of instriments. 3

Div1Q1cn II, Very weak (2.6-5.0 mm/sec?) Per elved bv a small
number of nervous or very sersitive pecple, vresent in a state of oOﬂa
plete rest, particulariy in the upper 11Jors of dwellings., -

Dlviolmﬂ 11X, Vizak (5-10 mm/soc ). Evenin g densely populaued
loca*loy, the ' tremor is berchved cnly by a emall fract"on -0f the popu-
lation, in the form of a shaking, similar Yo the impression made by a
horse carriage which has rapldly passed by. Sometimes, it is pessible
to detérmine the durdtion and the direction of the movement, Many peow
ple aré able to find out . that the vibration was caused by an eartnqpake
only after subsequent conversations, : R

‘Division IV, - Moderate (11-25 mmusecz) “In the ngn, 1s;perew-.
ceivédiby few people, ' Insids buildinge, is perceived by many peeple;.. '
but not by everyorne, as a. result bf*a sreror or slight oscillation:ef:
household articles; as a result of this iremcr, tightly pagked glasgs.
ware and.china emit a faint ringing sound, similar to the one caused.:
by the passdge of a truck over a rough paved road, Ringlng of window 'ﬁ;
panes, ‘squeaking of doors, rafters and floors, Cracks in the csillngs,
Slight vibration of 1ic u*@s in open vessels. Stueh an garthquake causes
practically no anx1ety among' people,. with the excentlon of persong. who
have become nervous .Or frighiened -as a'rvesult .of’ prev*ous earthquakes,.
Individusl cases of awakening emong -sleeping pcople do oceur.

\
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Division V. Rather strong {26-50 mm/sec?), In the street, or
generally in the open, the tremcr is verceived by & large mmber cf
peonle, even by people fully.engeged in deytime work, Inside buildings,
it is perceived by everyone as a result cf a general shaking of bulldings,
The impression made by this tremor is sinilar to the one produced by the
falling of a heavy object (bag, furniture piece) in the house, Shaking.
of chairs and beds, together with people occupying these pieces of furni-
ture, similar to rocking on the sea, Swinging of plants and. wezker
branches on shrubs and itrees, as during a moderate wind. Oscillating
movement of freely hanging objects, such as draperies, icon lamps,
henging lamps and not too heavy chaudeliers, A ringiag souwnd cen be
heard, Clock pendulums eithor stop or swing along a wide arc, depend-
ing upon whether the direction of the tremer is perpendicular toO the
swinging course of the pendulum or runs in the same directicn, as a
result of which the stopped clock and pendulum may again be set in mo=
tion. Ringing of watch springs, Electric lights start blinking or go
out as a result of wire commection, Plebures are slaumed against the
wall or shift their position. 3Spilling of a portion of liquids in
filled oven containers. Possible falling of trinkets, standing frames
and objects leening against the walls; lighter objects may shift their
position. Squeaking of fwrniture, Doors end window shutters are opened
or slammed saut. Cracks in window panes, Awakening of sleeping people.
Some residents run out into the streetb. :

Division VI. Stroag earthgaake (51-100 mm/sécz}. Perceived by
8ll people and causing fright; very many pecple run out into the street
and have a fecling of being doomed. Strong agitation -of liquids, Tall=-
ing of pictures from walls and of bocks from bookcases, except from
those bookeases standing ageinst wails oriented in the sams direction
a5 the tremor. GClasswere and china is broken, Pather stable household.
items, even furniture, are displaced or overturned: Ringing of small
bells in chapels and churches. Chiming of tower ciocks.: Fine cracks
appear in the plastering of certain houses, even those having a solid
structure, . In houses of poor construction, more extensive damage is
observed, although this demage is still nct of a dangerous .character.

. -Division VII, fVery_Strong,earthquakE](lOlaziOjmm/sgcz),"Ccn4
siderable demage to houseshold objects as a result of the f21ling and .
breaking of even large objects. Ringing of even large bells. Symptoms
‘of agitation are observed in rivers, ponds and lakes, and. their water
becomes turbid due to mud.formation, Individual cases of Jandslides
on sandy and gravel banks are cbserved., Change in the water level of .
wells. Moderate damage in houses of even a solid European construc-
tion: 1light cracks in walls, substantial fragments of piastering, .
rlastic decorations and bricks are split off, roofing tiles are lonsened
and start falling, demege to smokestacks caused by cracks, falling of
tiles and bricks, Defective stucks crumble- on roofs:and demage them. .
Loose or-poorly attached ornamentdl -structures fall.from towers and
high buildings, In frame buildings, damage to plastering and frame
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£i11ing material is even greater, Severe damage to poorly built or old
buildings, The first type of buildings includes, for example, hollow
brick structures widely used in Central America, . ‘and also siell ‘stond -
houses and mud huts found in certain Northern séismic regions; such as
for example in Iceland, as well.as board hedges, sheds, old stone en-
closures, particularly those whlch are made out of separate stones with-
out the use of-cement, huts, -mosque minarets, ete, Rural. structures
may suffer exiensive damage._ On the other hand special aptls~jemlc-
structursgs, such.as the majority of. Japanese stcne and even woodan
houses, as well-as. wooden and woven st uoturﬁs used in most tropmcal
seismic regions, remain undamaged. .

Division VIII. Destructive sarthquake (251.-500 m/seas), Whole
tree trands, par%znuAa“1y palm tree trunks, are repidly set Iuto a sway-
ing motion or even breask up., Even heavy honsob01d objents are dls-
placad over s great distance and are partly overturned, Statues, monu~
ments and other similar structures located riear the strface of the
ground, i.e. in-churches, cemeteries, boulevards, hHurn about on their
pedesials or are overturned Strong stone fences disind ~egrate and
crurble. . The bulk of the filling materials in frems bllengo falls
out, andard wooden houses, such as those found ia many places in
Norih Amerlva,. are crushad or overturned, . EyroPQan«type dwelxlngs,
even those with a solid structure, suffer severe damage as ‘a result: of
large cracks in walls, and scme buildings are paritially destrojnd
Mcsv smokestacks crxmble. The crunkling of church towers and’ factozy
smckestacks infliets a greater ancunt of damage to ad jacent houses than
does the ear hquake itself. Pariicuiarly well-built factory smvkestﬁcks
break off only in their upper ssction and euffer a shift,

Antiseismic (Jepanese, etc. ) brick structures already suffer
gsome dqmade, such as cracks, splitting off cf plastering, ete. {zee
division 7 in case of European structures)., Similer wocden houses
suffer cracks at the seams. Rciten pcles in Malayan pole structures -
break down, Light cracks are observed on stesp hills and on humid
ground, In some spots a small amount of water, mixed with sand,and
mud, seeps out of the ground.. ‘ .

Division IX. Devastiating earthquake (501-*,000 mm/sec?)

Severe damage 1o stone houses .of  sclid European consirustion, many of
which become unsuitable for living purposes, and some eriymble down
completely. or to-a great extent, Frame buildings are amsp)aced from
their stone foundetions, cave in, and frame braces break dewn, causing
even greater damage. - Anﬁlselgmiﬂ stone bulidings suffer considerable
damage, Plastering.on wopden houses, forms cracks and fissurms. Old
wooden houses become slightly distorted.

Division X. Arnihilating earthquake (1,000.2,500 mm/Sec ). The
majority of stone and frame buildings are destroyed tcgother with their
foundatlons, even strong brick walls foem dengerous cracks, The rate
of demage in European structures is higher than that of antiseismic
structures., Severe damage inflicted even to well-built wooden houses
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and bridges, ‘scme of. Whlch are ‘even destroyﬁdr “More o less extensive -

demage to embankments and damsy:!:8light warping of reilroad tracks.
Pipes laid:in the grouwnd (gas;, water and sewage plpes) break- down or
become clogged, :: Stone and.asphait pavement form .cracks and: wave~-like.

folds caused by. protrusion. :Loose, -andg: pariicu]arly,*mo*st seil forms:

crackd measuring up to.several decimeters in width,* In adéition to
lendslides of. 1qose soil from rocky -sIvpes, partigl rock siides.are:
also obgerved. . A cav1ng~an of considerable sectors iz observed elong
river banks and on steep sea shores, and sliding shifts of sand and
mid formations mre obsérved:on sloping shorves, which ogcasionally ve-
sults in a considerable changs of the reliéf. Froguent chsngs of the
water level in wells;.;SJlllxhg of water ashore from “1vers, sanale,
lakas;.etu. : v

Division XT. Catastrophy (2,501-5,000 mm/xeag) Practically .
notblﬂg is left of a*l\tynes of stone strustures; Even s t"oﬂ; WOl &N
and flexible woven -structures, particuldrly those located near rifis,
mey remain partially. iztapt. Among bridze structurss, even lsrge and

strong bridgns are destroyed in view of the crumbling’of stene pzllars,

or the werping of metel girders. A smaller emcunt of damage is some
times observed in more flexible wooden bridges. Complsie break up,
frequently even over ‘a ccnsiderable distance, of embankmen s and dams.,
Strong warpxnc and protrusion cf railroad tracks. The nature of the
grOLnd is of declsive Importance in regard to the nature end extent

of Camage sufferad by means of commwnication., Underground ylpos break

down completaly and becene unsuitarle for use, Numerecus and ext engive

changes in -ground svurfade layers, determined by the naturs of the scil,
Wide cracks are formsd espescially in loose: and moist earth, ruaning in .
a horizontal and vertical direction. ' Vater sespages,. bonta¢n¢rg ed-

mixed sand and mud, ave dbserved, having & great variety of forms char- -

acteristic for thls par icular phenomerion, . Numercus' landsl *dés and
avalanches, ‘ o . oy :
ivision XLI Strong Catastrophy (5,000 mm/sec®), Not a

single structure erected by human hands can withstand this type of
earthquake, Changes in the soil reach enormous proportions, Even ..

on rocky soil -covered with vegetation, fault cracks ef consmderahle
displacement magnitude are feruwed, as well as horizontal dislocations
and feults; Numerous roz k sltides, landslides and shore. (bank) crumb«

lings covering a considerarle avea arc observszd, . Various;changes in:. .. -

underground and surface waten reservoirs: Appeerance.of water: fal¢s,
secondary- lakes, dev1a+ions in the ccurge of. rivers, etc._¢~b5 e,
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D R EE R éEE§<$J;2 .
GEOFIAN Se i wic Scale \see Note)

Drawn up by S, V. Medvedev in 1953 (5)
(Note:r The scale extepd:ng from divisions 6 to 9 Was adoptcd as standard
GOST 62 -52 (11)

" Thé intensity cf an ea1+hqauke i lelSlons (“n sensity ratlng)
is det m:ned by the magaitude x,, whieh is the moximum relative dis-
placenent of an alast;a spherical scxuﬂomﬁt“r pendulun, This pendulum
has a retural oscillation period T = C.25 sec, ard a logarithmic decre-
ment of ab c“nuatwon (damplng) A = 0.50.

3
L

rabla A
Division Type of Earthquake x,, ma Division AType.of : X, mm
T : Earthquoke
1 Not noticeable - 7 Very strong 2.1-4.0
2 Very weak . = 8 Destructive 4.1-8.0
3 Weak ' -9 _Dqusﬁaﬁiﬁg‘.S.lnl600
T4 Moderate 4 . 10 - Annihilating 15.1.-32.0
5
6

. - 70 5
Rather strong O.5~l.0 11 Catzstrophy . 32.0
1.1-2.0

~2. 12 Gréat Cavastroprlb -

»

Strang

2. The intensity of an earthguake in points where 110" sailsmome-
ters are available 1s characterized by Teble B in order to determine
the degree of damage and, destructicn iuflicted by the ea“*hvu ke on

“buildings erected withcut tlhe necessary antlselsmlc measures thls

table contalns the follow1ng subdmv1s&cnv'~
I, Ascordi g to Types of Bulldinas

Group A - Oncnsto“y high housss with walls of Javged stone, raw

_ brick, adobe, ete,

Group B -.Brick and stone buildings,
uroun C - Uooden hcuses.

IT. ‘According to the Extyht of Damave

nght damage - Tlne oraeks in plaster ing and suoves, crumbl*nc
of ‘whitewashing, ete,

Considerable damsge . . Cracks in pnaster:ng and s*oves, Spllt»lng
off of plastering fragmer vbs, Tine cracks in walls, cracﬁs 1n partltlons,
demaged csmokestacks, furnaces, etec,

- 2l -



Destruction - Large cracks. An. walls, ‘breakingup of masonry,
crumbling of wall sections, falling cornices ani purapets erunhling
of plastering, falling smokestacks, ete., v - CoE

Collapse - CrUmbllng of walls, cell.ngs ard roofs in the entire
building or of consmderab¢e portlons of tne,bnmldzng grea%*deféfmaa
tions of walls, ©

b

CIIL. Accordlng to the. Number of Buildlngs

Most buildlngs, annruus bu11d*nas mndividual bvmldznos.v"

Hw.uw T e e L
2 P

8, Behavior of btlldings and structu res
Division 1. No damage , -
U¢VLs~on 2, o L - ; . ;~JVt; Loge
‘E“v:LoJ.on 3, o . . L
Division 4.3 n

; ﬂlvisxon on 5, Light squeaking of floors end pariti 1ﬁﬂs rattllng
of wihdow panes, cvumull 1z of whitewashing, movement of open’ d0urs and
windows, Llebt damage ih individual buildings.

' D1v1@ion 6, L*gpt darage in many bulldings. Considorﬂbla N
damnge in individual ‘buildi ngs belonging to Croups A and Bl “in rare
cases, when theé grognd is wet, formation of, fine cross-sectidnal’ ‘cracks”
on rOd&b S

Divisicn 7, In most buildings of Group:A,: cons*derabie damage,
and in individuel cases, dest tructive dapage. -In most buliﬂ*ngs of .
Group B, llg“t damage, and bOﬂSlQ@Tabl“ damege in many bhﬂ .wngs of .
this group: In many bu*idirgo of .Group Cy Light Camage, and in” 1nd¢% ",
vidual buildings, considerable damage, Occasional lendskides on- o
steep road embankments, and in individual cases, formation of eross-
sectional cracks on roads.-. -In-isplated cases, dlslecat*on of pipe
joints, Demage in stone fences.

Division 8. In many buildings of Gvoun A, destructive damane,
and cvdmbl*ng "of individusl buildings, . In most bu1101nos of" ﬁroup By
considerable damage, and destructive, dax‘g in individudl bulldmngs:,‘
In most buildings of Grouwp C, light damage, and considsrable damsgv
in many buildings of this group. Small laudslides on stesp slopes of
road depressions and embankmentg..: Individuz: cases of brcLan pipe
joints., Monuments and statues are shifted or overtur ed smone walls
crumble, Wi voLeer R L LB : )

DlVlSl“n 9, Dcouruciuon of nany uu ldings of Growp B -and crum -
ling of ;ndlv1dual buiidings in . this. growp.: I many bﬂildlﬂgs ‘of Croqp
c, c0ﬁsxderable demage, and dasy hptl@n.cw.xn@ ridudl: Eui*dlﬁgs'in'“hls e
group ‘In some cases, damage to road embankdients I individual chses,
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distortion of railroad tracks. Large number of eracks on roads, Numer-
ous breaks and damege in pipes. Monuments end statues are overturned,
A large proporticn of stacks and towers ig destroyeds -7 o o

‘Division 10, * Many buildings of Group B crumivle downy. Many-build-
ings of Group C are destroyed, and -individuel buildings in this group -
crumble down, Consideraeble damage to embankments and dikes. > Local dis-
tortions of railroad tracks. - Breakdown of pipes. Roads exhibit a large”
nunber of crecks -and deformations. Toppling down of“stacks, towers,”
monuments and fences, o : R

Divigion'll. General destruction of buildings. - Destruction of -
road embarkments over a large erea, Pipes and pipe-linés sre conpletely
knocked out of commission. Railroad tracks are distorted along their
entire length. ' : o s

Divigion 12, General destruction of bulldings and structures.

b. Residuel Phenomene in Ground Layers and -Changes ‘in the Normal Condi-
tions of Surface end Ground Water Systems. S . _

Division 1. No disturbances,
1t 2. | S .
1 3. H . -
a 4, Individual cases, formation of eracks in wet ground.

is possible, , ' .
Divigicn 5. In rare cases, fine cracks in moist ground layers.

Slight weves in ertificial water reservoirs, In individual cases, a-

change is observed in the discharge rate (filow) of water sources.

N Division 6. Cracks up to 1 em wide in moist ground layers. Ine
mountain regions, isolated cases of landslides and ground crumbling,
Sma1l chamges in the dlscharge rate-of sources and in-the water level ©-
in wells, l e - .

Division 7. Fine cracks in dry ground, Large number of cracks
in wet ground, Individual cases of landslides cn river benks. In
mountain regions, small lendslides and ground crurbling. Mountein ~ -7 -
avalanches are possible. In individual cases, water in weter reservoirs”
and vivers becomes turbid, Changes take place in the discharge rate of'™”
sources and in the level of ground waters., In some cases, ngw”water‘“‘ﬂ
sources appesr or existing scurces Gisappear. R

" Division 8. Cracks in the ground reach a size of several ¢enbi« -

meters, - Numerdus cracks on mountain slopes in moiet ground, Large
seale crumbling end landsiides, extensive mountain avalahches, The - ™
water in water reservoirs becomes turbid, New water sowrces make their
appearance and existing sources disappear. A change in the discharge
rate of sourées and in the ‘water level of wells is fraquently cbserved.

Divisfon 9, Formetion of crecks in the ground up to 10 cm wide.
Cracks more than 10 cm wide are formed on river banks and slopes., Large
nuiber of fine cracks in thé ground. Mountain avelanches,” large nuumber-
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of laendslides, crumbling of ground, umall mud erﬁbtxoﬁg 3 Large-scale .

agitation of vater Lin. water-reservoxrs - Fréquent npearaﬁca of new ;5“

water, gourses . er dlsapﬂaa ancs 6f ex 1st1ng sources, N -
Divigion 10, Formatiéth-of cracks in the Wround up, tohse"eral

decimeters wi de, and dn individual cases, up-to 1 meter. wide. i Kock

slideg. inmountain: regions: and ¢n the seashore,’ Large«scale kendslides

of sandy and-éléy Tormasions. ' Surf fq:mat ion &nd & llépg of water

asheore, in water: resegvoirs and rivers, Formation of Hew lakes,: -
D1V1§~9ﬂ Formation of numerous eracks on the surfabe-of-.

the grcund, Vévtlcal dJSflaueﬂ”ﬁt” of earth lhayers (sm:atw)v xtenu

sive eValanvhes and. landslides." -Loovse, water-saiurdfed -depoails

ereep out. of\craﬂks . Extensive cﬁancvs >” plaze in the condition

of source and"wa‘ r *euarvomha, god i e level of gror;d wahers,

sion 12, Large-scale chdﬂ s 1n the railief, Enormous
avalaﬁch=s and 1 ndslides. Extenscive vertLGal and ‘horizental. faults

and dislocations) ~Extensive changes in the regi ime of glcund and sur-

o

face waters, Form ation of watérfalls, eppearante of new 1akes chenges

in river Yeds,’
c. QOther Symptoms
Div i 5 J. The oartqquake is th felt. Vlbrau;OHS of the

grouni are rdod by maans of {pstruments Iy
h~v1=“@ 2, "The earthquake iz felt by ,nd1V1dua¢,_

peop? ea rema;nlng in & 8% hate of complete rest, e

v_

Divisien’ 30 ﬁttenﬁ1V° Gbservers are-able to uotﬁoe -8 Yery . SAigﬁt i

swayinu of hdng¢ng‘lamps f“owc:s standing in rooms, dvaneries open
doors, standing motor vehicles; Vlb*dﬁ1C13 are felt by a- ey, people
at rest inside buil ings. . .«

Division ;“ leglt Smelnﬁ of bangwne objects and standing “

motor vehicles. - Slight agiteticn of liguids in.vessels. Weak ringing
of tightly packed fragile. @i ishwere (china),  The earthquake iz felt by
most people present inside bul*dmngs. In rare casey, sle“p ing.persons’
awake., The earthquake is felt byx 1nuiv1ﬂual pecplie in the open:
D4v1s*og_§_ ‘Noticgable swa"lng of harv¢ng thje c+s.,.In rare’
cages, the pendulxms cf WH}; ciceks: stop. quuwd somctxmes gpille out
of 7illed containers, Unateady dishware and.decorations gornaments),

standing on shelves, “are overturned. The qvake ig felv by gil pecple e

inside buildlngs and by. mest people in +Ic onen eVexrbod“

Animels show signs of ‘agitation. ’ SUERE
Division &. Swinging of hanglng bb ﬁcts;. Oce a51ona¢ly, bOOkS‘

fall from she’ves, and plciuwrss.are’ dlsplaced - Marys 0°naﬁlums ofiwall

W&kSS*up.-

clocks step. nght forniture shifis Tyom, 1ts normal -pos *thp dlshware.i

falls down, Many peopl& run out - of theid” quart*r i People walk 1n an
unsteady manner, Anlmals run owt of thelr s«vxters. - ‘f,‘  L
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Division 7, Strong swaying of hanging lamps,. nght fUrn;ture is
shifted, Baoks, dishware and vasas fall’ down.” Ard people run gut of
thair qualturs and in some cuses | Jump out of windows.‘ Lt is c&fflcult
to move abeut without upport

Divisicn &, A porition of- hanclng lamps is- damagbd ‘Farnlture
is stplacad ‘and partly cverturned, People are ‘hardly able to staﬂd '
on their feet. Everybodv runs-out of their quarters,

Division 9, "Furniture is ovc“turned and broken, Animals show
signs of g great agltat*oa S ' . v

Divieion 10, Extensive damage to hot s;ho;d ar ﬁ e: Animals
run a*ound sei eanlng Tiee br anches and old tree founks are twoken,

Uiv151on ?1 D“su.nc ion of pronerty undér thc dhb 1s,of build-
ings,”

Q&y}giggbgg; Great cabaSEVCDhV. A considcra hle “portion of the
population perishes under crumbling buildings, "Plents &nd enimals
perish under avalanches snd landslides in mountain vegions, and aleo
under tidal waves, ' A o
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